The article presents a case study about thermal comfort in two public squares located in the coastal region of southeastern Brazil, within a post-occupational assessment context where it was sought to estimate the thermal sensation and perception of the users generating systematized knowledge about the built environment. The objective is to instruct future interventions for improvement in the living condition where it is particularly important for the success of the activities predicted there. Surveys on thermal comfort along with goers of the squares were held on three consecutive days in April 2013 and February 2014 with microclimate monitoring of the places adopting the predictive PET (physiological equivalent temperature) index calculated based on the bioclimatic model Rayman. The obtained data set generated valuable information about the pattern of thermal comfort allowing understanding the analytical correlations between PET index, climate variables and the perception of comfort. The article seeks to contribute towards the recognition of bioclimatic specificities in the project process aimed to the improvement of the environmental and social performance of public squares and aspects that are relevant to the urban planners.
Introduction
The increasing concentration of population in urban areas expanded the contemporary interest in ensuring better quality to the public space appropriation within a sustainability environmental and social perspective [1] [2] [3] .
The social spaces, considered as "locus" of the experience, acquire a value estimation when under certain sensory and perceptive circumstances assume a specificity that makes what Tuan [4] called "place": an attractive environment of perception, reading and apprehension. It still implies an important and underlying comprehension that retrieves the recognition of the climate influence in the project process to which we call bioclimatic architecture, seeking to understand and articulate the embracing to the designs of human comfort [5] [6] [7] [8] .
The environmental issue was already a reason of concern in the treatises of antiquity to which we drink from this source. The location of squares and road complexes in Hellenism was associated with favorable positions to the wind and the light [9] ; The introduction of trees to provide shadow surroundings near the fountains for irrigation and cooling of the air was a necessity to Mesopotamian people in search for better environmental conditions [10] . Thus the importance of bioclimatic performance emerges as a parameter of support of an urban environmental infrastructure which intends to conciliate environmental and social purposes.
The "square", object of this study, is the place of permanence and meeting morphological element of the city that is distinguished from residual spaces by having a spatial organization and an intentionality projectual [11] . The image of the public place refers by excellence, which states and establishes the urban phenomenon influencing our identity, our sense of security and interaction with people [12, 13] . The success or failure of an open public space is related to the ability to predict and adapt external variables (physical, cultural and environmental) to the social expectations aggregating what Scudo and Dessi [14] call as "multi-sensorial" performances focused on the imperatives of habitability.
The international standard ANSI/ASHRAE [15] defined "thermal comfort" as a "condition of mind that expresses satisfaction with the thermal environment" and specified the acceptable thermal conditions for human living environments. Thermal comfort studies show a variation between environmental (temperature and relative humidity of the air, wind speed and radiation) and personal variables (metabolism and clothing isolation rate) in the perceived evaluation of comfort quantified through predictive indexes: commonly-used PET (physiological equivalent temperature) models by Hoppe [16] ; PMV (predicted mean vote) by Fanger [17] ; SET (standard effective temperature) by Gagge et al. [18] ; UTCI (universal thermal climate index) by Fiala et al. [19] . Those studies were very well documented with features and performance limitations in different thermal requests [20] [21] [22] .
Additional studies in thermal comfort suggest the existence of adaptive psychological motivation factors responsible for self-adjustment of the human organism to external thermal condition, assuming an active emotional component on the control of environmental stimulation with sensitive implications for the allocation of an urban design [7, [23] [24] [25] .
Field investigations conducted in Greece by Nikolopoulou and Likoudis [26] have shown differences of up to 44% of the sample feeling comfortable in the ASV (actual sensation votes) in comparison to the measures by PMV index which suggests the tendency to relativize purely objective assessments on cognitive influences that act in the person-environment relation. Study conducted by Knez et al. [27] in two urban parks located in Tokyo (Japan) and Goteborg (Sweden) reiterates distinct reported perceptions of thermal among the users, confirming the presence of a cultural component intervening in the subjective evaluation of comfort, which demonstrates that design elements can promote a better adaptation person-environment accommodating fluctuations in levels of thermal discomfort.
The urban climate is strongly influenced by the characteristics of the built environment as the geometry of buildings, types of materials, anthropogenic heat surfaces, presence of vegetation and extensions of water, generating variations in the microclimate that interfere in the human thermal balance and, consequently, in the conditions of comfort [6, 8] . Case studies on several methodologies have investigated active bioclimatic performances in open spaces design in different urban areas pointing guidelines for improvement of thermal environment, based on the utilization of predictive indexes of comfort. Some researches adopted the predictive method of PET in the analysis of the thermal environment conducted in the cities of Lisbon [28, 29] , Chennai (India) [30] , Szeged (Hungary) [31] , Hong Kong [32] , Taiwan [33] , Freiburg [34] and in several Brazilian cities [35] [36] [37] .
The PET index, developed by Mayer and Höppe [38] based on the MEMI (model of human energy balance of Munich), is the product of a fictitious logic that evaluates the human thermal complex in standardized environment, being an index suitable for measurement of thermal conditions in internal and external environments [22, 39, 40] . This predictive index of comfort is particularly suited to the interests of the urban planners by using accessible climate data as humidity, air temperature, globe temperature and air speed, data that allow generating the mean radiant temperature (T mr ), important bioclimatic parameter of temperature evaluation of the surrounding environment used in the PET calculation. The PET index has been widespread along with the computational model RayMan-1.2, developed by the Meteorological Institute of Freiburg [41] and used in surveys of urban comfort.
The objective of this study is to evaluate the pattern of thermal comfort in two public squares situated in a small coastal town in Brazilian Southeastern, adopting the PET index and having its results correlated to subjective assessments raised through field surveys. The purpose lies in understanding the active condition in the thermal environment and the generation of an informational scope to allow subsidizing post-occupational interventions in order to adjust the active microclimate parameters to the required conditions.
Such adjustment means to propose environments more comfortable or neutral, that is, with few thermal constraints where people can feel environmentally encouraged to enjoy the places with satisfaction and well-being. Whereas the focus of landscape architecture is to sort the space in relation to the human, we understand that the space must comprise a multidisciplinary approach (landscape design + ergonomics + environmental comfort) in order to conceive environments that respond to the needs, limitations and motivations of the users. The thermal comfort thus becomes a component of good planning adapting urban spaces to required usability.
Materials and Methods

Area of Research and Description of the Analysis Units
The northern coast of São Paulo, located in the southeastern region of Brazil ( Fig. 1) , is characterized by a rainy tropical climate according to Köppen-Geiger climate classification, with no dry season, a humidity rates generally above 80% and an average annual temperature above 25 °C. Large part of the county is taken by the exuberant Atlantic rainforest, responsible for the high local cloudiness making the insolation diffuse by reflecting great part of the direct radiation of short-wave. Preventing the dissipation of heat retained on surfaces causes stuffiness and the sensation of thermal discomfort that occurs, especially at night. The second, Diógenes Ribeiro Square ( Fig. 3) , called "square of the beach", has about 9,000-m 2 area connected in its smaller dimension to a busy side boardwalk. Its design resembles a public garden of eclectic taste with winding paths defining broad lawns and abundant trees that make it gloomy in some spots. The base is incorporated from concrete and mortar (λ = 1.15 W/mK) with benches in wood and concrete considered uncomfortable. It contains fitness equipment, living environments and playground, however, it is a little frequented square, but on the weekends, it becomes lively because of a traditional handicraft fair and popular amenities. 
Materials
Methods
The research proposes a descriptive and longitudinal approach correlating microclimatic parameters (air temperature and wet bulb, air speed and relative humidity of the air) measured by devices with thermal sensations reported to determine the active thermal comfort conditions. The approach was performed in two stages with measurements made on three consecutive days in April 2013 and February 2014 during the day (from 8 a.m. to 6 p.m.), parallel to surveys with the goers of the squares totaling 262 interviews conducted by two interviewers teams. Semi-structured questionnaires were applied for raising social and thermal sensation data based on the European method RUROS (Rediscovering the Urban Realm and Open Spaces). A platform developed for the analysis of open spaces combining the physical environment with usage requirements and satisfaction, described by Nikolopoulou and Lykoudis [24] . RUROS uses a five-point scale ranging from "very cold" (−2) to "too hot" (+2), defined as ASV, passing through the neutral range to the center, called "comfortable" in order to reiterate such condition to the respondent. And the degree of thermal perception, also on a five-point scale, ranging from "much colder" 
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to "much heat" (over heat) passing through the intermediate scale located in the center, is named as "equal". Weather conditions were raised (air temperature, relative humidity, air velocity and radiation index) and provided by the local weather station for causal correlations between the thermal environment and human comfort.
Statistical procedures were performed seeking correlations with the interpretative range of comfort for PET, considered here 18 °C to 26 °C according proposed calibration to the city of São Paulo (Brazil) by Monteiro and Alucci [42] . In this work, PET was generated through the computational model Rayman, established in Matzarakis and Amelung [40] , introducing term physiological parameters as thermal resistance of vesture and physical activity and the input variables: geographic coordinates, relative humidity, air temperature, air velocity and the mean temperature radiant (T mr ). The latter was based on Eq. (1) ε g = emissivity of the black globe (0.95); t g = globe temperature; t a = air temperature.
The soft Rayman adopts the T mr as human energy balance model to evaluate the urban bioclimate through thermal indices as PMV, SET and PET used here. Yet, hemispheric images were taken for calculation of the SVF, important parameter of estimation of radiation flows in complex environments. The shots were made at 1.00 m high from the floor and subsequently generated (Table 1) through the Rayman model. The SVF expresses morphological factors of the study area into a single value allowing relevant climate information.
Results and Discussion: Microclimate Assessment
The use of open spaces is closely linked to efficiency in obtaining means that allow balancing the body heat gains and mitigating the thermal discomfort that occurs in highly processed places under direct and indirect action of solar radiation. In order to assess the extent of these active thermal components, microclimate and meteorological surveys were carried out, whose correlations found between parameters analyzed allowed the thermal environment in-situ understanding and illuminated appropriate strategies for the improvement of the habitability. Comparing the measured variables with the weather station situated on the outskirts of the city, it was permitted to confirm sensible changes to the urban climate due to the strong thermal exchange between paved surfaces causing the temperature increase (rise) in the central area of the city. The Cândido Mota Square ("A") reached temperature variations of up to 3.4 °C for the autumnal month (April 2013). In the same period the Diógenes Ribeiro Square ("B") reached nearly identical variations reaching up 3.3 °C of difference. On summer days, such difference has stressed to 4.1 °C in the Square "A" and 4.3 °C in the Square "B", a slight advantage to the first thermal cooling, which qualifies the hypothesis of the occurrence of a differentiated urban climate.
Several studies in large and small urban areas have reported similar differences of center-periphery temperature suggesting that these disorders point to the occurrence of the phenomenon of the called "HI (heat island)" [31, [44] [45] [46] . Giridharan et al. [44] found variations in the range of up to 3.4 °C in the coastal region of Hong Kong revealing localized differences due to influences of albedo, altitude (height), presence of vegetation, sea proximity and urban geometry. Gulyas et al. [31] also confirmed occurrence of HI in Szeged (Hungary), a city of 160,000 inhabitants with an average annual intensity of up to 6.8 °C. In contrast, mitigating alternative of the HI's phenomenon has been successfully reported with the massive and attenuator use of vegetable component [47] [48] [49] [50] .
High local temperatures are related to high gains (earnings) and heat emissions from urban pavements, having a causal relation with the insolation [51, 52] evaluated by the SVF. The SVF has a low correlation with the air temperature (microclimate), but strong correlation with the surface temperature and consequently with the phenomenon of HI's, allowing identifying places with high insolation features and a consequent low appropriation [53, 54] (Table 1) .
During the first monitoring period in April 2013, the correlation between ASV, thermal preference and PET in the Square "A" enabled the checking of a balance in the comfort with a significant percentage of users reporting a thermally "comfortable" state considering here the neutral temperature in the range of 18 °C to 26 °C. The thermal preference reported reiterates the state of comfort previously reported for a wide range of users (74.4%), as shown in Fig. 6 . The Square "B" introduced identical performance with users reporting a comfortable thermal sensation for a PET set in the same range of neutrality by bringing a mostly comfortable environment for both squares in the autumnal season (Fig. 6 ). In the second monitoring period in February 2014 (Fig. 7) , coinciding with high summer in Brazil, the Square "A" indicated an ASV in thermal neutrality status for a PET indicating the contrary, a high thermal stress on light levels (+1) to high (+2).
The thermal preference also reiterated the state of 1 2 neutrality pointed out in the ASV but with a tendency to milder temperatures (−1/−2). The Square "B" accused a state of thermal neutrality less vigorous with significant preference of users also tending to milder temperatures. PET has remained high on the hottest tracks (+1/+2) in opposition to the ASV revealing the important role of cognition acting on environmental stimulation and the consequent physiological adaptation phenomenon, already well documented by Nikolopoulou and Stemmers [7] . The adaptation to high temperature is associated with the culture of leisure outdoors in Brazil for all seasons of the year contributing to greater adaptation to the rigors of the climate. 
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Analyzing the variables measured in February 7 and 9, 2014, hot days of summer, it is verified a strong negative correlation between PET and air velocity confirming the wind coolant value in the balance of body heat when tensioned by high (elevated) temperature emitted from the surfaces of high thermal capacity of the surrounding. The wind acceleration for values above 2 m/s occurred on February 9 between 10:45 a.m. and 2:00 p.m. sharply dropped the PET restoring the comfort temperature at the Diógenes Ribeiro Square and a little less in the Cândido Mota Square due to the turbulence caused by the roughness of the built environment in that place (Figs. 8-10 ).
In high radiation conditions, like those found on February 7 (Fig. 9 ) characterized by low relative humidity and a clear sky, it was produced a sharp rise of the air temperature and of the radiant heat affecting the T mr , important factor of PET qualifier. This does not occur on Day 9 due to increase wind speed, restoring the temperature to near the comfort zone on both squares alleviating the effects of increased humidity that day. The analysis shows that the favoring of the air movement, the radiant temperature control and the reduction in absorption of solar radiation are sensitive parameters that imply the improvement of comfort conditions in an extremely hot and humid region as found in the southeastern Brazilian coast.
4.
General Recommendations for Improvement of Thermal Comfort in the Context of POE (Post-occupancy Evaluation)
From the collected results, the study suggests recommendations in the context of a hypothetical post-occupational intervention necessary to impose targets for improvements in thermal environment from the conducted observations and the PET and ASV indicators. In the context here proposed, constructive improvements are targeted in a perspective of short, medium or long term based on raised diagnostics. POE seeks to recover performance standards that ensure social satisfaction with the aesthetic functional and environmental quality, serving as a quality control mechanism of the built environment [55, 56] . It allows generating systematic knowledge about the relational aspects person-environment, allowing a greater adaptability of the final product to its user ensuring social and environmental sustainability.
In a moment which exacerbates social atomization around private consumption centers, we should invest even more in diversified landscaped public areas, equipped and preserved in order to comply with criteria of performance and efficiency offering convenience, comfort and enjoyment. Even if the abandonment of the public square among the wealthiest layers of the population is a reality in many places, this phenomenon does not find the same intensity among the popular layers, whose communities are quite resilient to the omission of public authorities, with regard to the maintenance of these spaces, seeking to adapt different forms of use of open areas even in adverse physical conditions.
Having as focus on the evaluation of thermal performance of enclosures, some general recommendations, aimed at improvements in the standard of comfort in climate requests of hot and humid type, suggest make the most of the effect of cooling ventilation associated to the resources of natural shading. Improvements in physical indicators can be obtained with the replacement of high thermal capacity pavements reducing the absorption and the transmission of radiation attenuating the thermal exchanges and can be summarized here in the following recommendations: low thermal capacity of the material surfaces; absorptivity coefficient by the color < 0.6; light colors (average albedo); promote strengthening of the arboreal vegetable component in order to mitigate the direct incidence of solar radiation of short and long waves in high SVF places. Give preference to vegetables sets that belong to the floristic mosaic of the local ecosystem; reconcile natural shade with plant floors in order to absorb the solar radiation; avoid constructive barriers to the direction of the prevailing winds. Choose for plant masses with visual permeability around 50%; opt for permeable pavements, interlocked cement and exceptionally light colored stones (other except white).
Conclusions
As a conclusion, we suggest the optimization of landscape planning focusing on performance compared to the compensatory mechanisms of the human thermal comfort and on the analysis of the phenomena that impact the built environment. The diagnosis of thermal performance illustrated here thus allows determining decision-making based on physical-climatic conditions observed.
Τhe emphasis should be directed to the design process with the landscape design if buildings are based on new paradigms guided by the technological incorporation as establishment of simplified models of simulation and prediction of the thermal environment using meteorological data evaluation and reported information of sensation and thermal perception. And so, conceive projective answers that accommodate microclimate settings appropriated to the particularities of each region and the environmental needs of the user. The survey results thus point to the need to reinforce environmental policies focused on knowledge of the active conditions in the climate envelope of the place and conceive an environmental infrastructure that, in the hot and humid tropics, ventilation paths provide in an urban structure with low roughness having low template in edge. We believe that the proposal should be inserted to a larger context of a cooling urban network focused on mitigation of thermal discomfort strongly based on arboreal component cooling the impact of the HI responsible for the urban climate change. Favoring to the natural processes (environmental design), the review of the constructive processes with use of low thermal capacity materials tends to decrease the pressure of radiant heat creating conditions to restore the environmental comfort and the improvement of the habitability in our public spaces.
